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57 ABSTRACT 
In order to entirely eliminate pressure drop sensors in a 
variable displacement hydraulic motor (10), and to 
change the wobbler angle mechanically rather than 
hydraulically, the hydraulic motor (10) includes a 
motor housing (26) having a plurality of hydraulic cyl 
inders (32) and a plurality of hydraulic pistons (34) 
radially disposed about an axis (36) thereof. A servo 
valve (40) is provided for controlling the rate and direc 
tion of flow of hydraulic fluid to and from the hydraulic 
cylinders (32), and the wobbler (22) is operatively asso 
ciated with the hydraulic pistons (34) in a variably angu 
larly positionable manner for varying displacement of 
the hydraulic motor (10). With this arrangement, the 
hydraulic motor (10) includes a cam system (22a, 30) for 
automatically varying the angular positioning of the 
wobbler (22) relative to the axis (36) of the hydraulic 
motor (10) responsive to a load-related torque at an 
output shaft (12) thereof. 

18 Claims, 1 Drawing Sheet 
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1. 

TORQUE CONTROLLED VARIABLE 
DISPLACEMENT HYDRAULIC MOTOR 

FIELD OF THE INVENTION 

The present invention is directed to a hydraulic 
motor and, more particularly, a hydraulic motor of the 
variable displacement type. 

BACKGROUND OF THE INVENTION 

Over the years, hydraulic motors have been con 
monly utilized for a wide variety of commercial and 
industrial applications. It is generally known that, de 
pending upon the design parameters thereof, such mo 
tors are capable of developing very high torque. For 
certain applications, such as the leading edge flap sys 
tem of aircraft, hydraulic motors are highly advanta 
geous. 
However, hydraulic motors for applications such as 

aircraft leading edge flap systems have typically had a 
fixed wobbler angle. In other words, it has been con 
ventional for such hydraulic motors to be of the fixed 
displacement type primarily due to the fact that variable 
displacement motors must utilize expensive and com 
plex pressure drop sensors that sense a drop in pressure 
across the motor and then hydraulically change the 
wobbler angle in order to vary displacement. In order 
to avoid the expense and complexity of such systems, it 
has been typical to rely upon a fixed displacement hy 
draulic motor. 

Unfortunately, this means that the hydraulic motor 
must be designed to handle the highest load that can be 
expected. Thus, in the case of a leading edge flap system 
on an aircraft, the displacement of the motor must be 
quite high in order to handle any unexpected but poten 
tially encountered high load. But this is undesirable 
inasmuch as there is normally a significant excess in 
load capacity. 
As a result, the hydraulic motor requires a high rate 

of flow even under low load conditions which puts a 
substantial burden on the overall aircraft hydraulic 
system. For these reasons, there has again been more 
attention focused in recent years on utilization of vari 
able displacement hydraulic motors. 

But as previously mentioned, this has been undesir 
able due to the complexity, expense and reliability of 
known control systems for variable displacement hy 
draulic motors. It has generally been recognized that an 
electronic controller is required which functions with 
the sensors and hydraulic valves to hydraulically 
change the wobbler angle with changing load condi 
tions. While this does achieve the objective of minimiz 
ing the burden on the aircraft hydraulic system, it is 
nevertheless unsatisfactory from a cost, maintenance 
and safety standpoint. 
The present invention is directed to overcoming the 

above stated problems and accomplishing the stated 
objects. 

SUMMARY OF THE INVENTION 

It is the principal object of the present invention to 
provide a new and improved variable displacement 
hydraulic motor which overcomes the problems as 
aforementioned. More specifically, it is an object of the 
invention to provide a hydraulic motor in which me 
chanical means are provided for varying displacement 
in a manner automatically responsive to the load-related 
torque. It is likewise an object of the invention to pro 
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2 
vide a hydraulic motor utilizing a cam arrangement for 
automatically varying the angular positioning of the 
wobbler relative to the axis of the motor. 
An exemplary embodiment of the invention achieves 

the foregoing objects in a hydraulic motor of the vari 
able displacement type having mechanical means for 
varying displacement thereof. More particularly, the 
hydraulic motor is operable over a range of different 
loads, produces a load-related torque at the output 
shaft, and the mechanical means is automatically re 
sponsive to the load-related torque. 

Preferably, the wobbler is operably associated with 
the hydraulic motor about an axis of the output shaft 
and/or hydraulic motor. The wobbler is advanta 
geously variably angularly positionable for varying 
displacement of the hydraulic motor. For this purpose, 
the mechanical means variably angularly positions the 
wobbler relative to the axis responsive to the load 
related torque. 

In a preferred embodiment, the mechanical means 
includes a planetary gear system operatively associated 
with the output shaft. The planetary gear system may 
advantageously include a hydraulic motor-driven sun 
gear and a torque-reacting ring gear. Additionally, the 
planetary gear system may include a planetary gear 
between the sun gear and the torque-reacting ring gear. 
With this construction, the output shaft may include 

a first portion carrying the sun gear and a second por 
tion carrying the planetary gear. The hydraulic motor is 
directly operable to drive the first portion of the output 
shaft and the sun gear. As will be appreciated, the sec 
ond portion of the output shaft may then be driven by 
the first portion of the output shaft through the sun gear 
and the planetary gear. 
Other details may include the torque-reacting ring 

gear being integrally associated with a housing through 
a torsional spring. The torque-reacting ring gear will 
then cause the torsional spring to wind up as the load 
related torque increases and will allow the torsional 
spring to unwind as the load-related torque decreases. 
To vary the angular position of the wobbler, the torque 
reacting ring gear will have a cam follower operable 
against a cam surface on the wobbler. 
When so formed, the cam follower will be in engage 

ment with the can surface to thereby cause the wobbler 
to be variably angularly positioned. This will occur, of 
course, responsive to the winding and unwinding of the 
torsional spring as the torque-reacting ring gear moves. 
As will be appreciated, the cam follower will move 
with the torque-reacting ring gear as the load-related 
torque increases and decreases. 

In another respect, the present invention is directed 
to a hydraulic motor of the variable displacement type 
having an output shaft and a motor housing. The motor 
housing preferably includes a plurality of hydraulic 
cylinders and a plurality of hydraulic pistons radially 
disposed about an axis of the motor. A servovalve is 
preferably provided for controlling the rate and direc 
tion of flow of hydraulic fluid to and from the hydraulic 
cylinders of the motor and a wobbler is preferably oper 
ably associated with the hydraulic pistons in a variably 
angularly positionable manner for varying displacement 
of the motor. The wobbler angular position may again 
be automatically varied relative to the axis of the motor 
by cam means responsive to a load-related torque at the 
output shaft of the motor. In this connection, the wob 
bler may advantageously vary displacement of the hy 
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draulic motor by varying the stroke of the hydraulic 
pistons. 
For this purpose, the wobbler is preferably operably 

associated with the hydraulic pistons about the axis of 
the hydraulic motor. As before, the hydraulic motor 
will include mechanical means linking the cam means to 
the output shaft of the hydraulic motor, including a 
planetary gear system associated with the output shaft. 
In similar fashion, the planetary gear system will in 
clude a hydraulic motor-driven sun gear and a torque 
reacting ring gear, together with a planetary gear there 
between. 
Other objects, advantages and features of the present 

invention will become apparent from a consideration of 
the following specification taken in conjunction with 
the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially schematic cross-sectional view 
illustrating a variable displacement hydraulic motor in 
accordance with the present invention; and 
FIG. 2 is a cross-sectional view illustrating details of 

the pistons and cylinders of the variable displacement 
hydraulic motor illustrated in FIG. 1. 
DETAILED DESCRIPTION OF A PREFERRED 

EMBODIMENT 
Referring to the drawings, and first to FIG. 1, the 

reference numeral 10 designates generally a hydraulic 
motor of the variable displacement type having an out 
put shaft generally designated 12. The hydraulic motor 
10 includes mechanical means, as will be described 
more fully hereinafter, for varying displacement of the 
motor which is operable over a range of different loads 
and produces a load-related torque at the output shaft 
12 to which the mechanical means is automatically 
responsive. In the preferred embodiment, the mechani 
cal means includes a planetary gear system generally 
designated 14 which is operatively associated with the 
output shaft 12 as illustrated in FIG. 1. 

In particular, the planetary gear system 14 includes a 
hydraulic motor-driven sun gear 16, a torque-reacting 
ring gear 18 and a planetary gear 20 operatively dis 
posed therebetween. 
As will be appreciated, the hydraulic motor 10 also 

includes a wobbler 22 operably associated therewith 
about an axis 24 of the output shaft 12. The wobbler is 
variably angularly positionable for varying displace 
ment of the hydraulic motor 10 in a manner that will be 
more fully understood hereinafter. With this arrange 
ment, the planetary gear system 14 operates to variably 
angularly position the wobbler 22 relative to the axis 24 
responsive to the load-related torque. 
More specifically, it will be noted that the output 

shaft 12 includes a first portion 12a carrying the sun 
gear 16 and a second portion 12b carrying the planetary 
gear 20. It will also be understood from FIG. 1 that the 
hydraulic motor 10 is directly operable to drive the first 
portion 12a of the output shaft 12 and the sun gear 16. 
With this arrangement, the second portion 12b of the 
output shaft 12 is driven through the sun gear 16 and 
the planetary gear 20. 
As shown, the torque-reacting ring gear 18 is inte 

grally associated with a housing, schematically illus 
trated as at 26, through a torsional spring 28. The 
torque-reacting ring gear 18 causes the torsional spring 
28 to wind up as the load-related torque increases and 
allows the torsional spring 28 to unwind as the load 
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4 
related torque decreases. By reason of a cam follower 
30 carried by the torque-reacting ring gear 18, the wob 
bler 22 may be variably angularly positioned mechani 
cally without an electronic controller. 
More specifically, it will be seen that the wobbler 22 

includes a cam surface 22a in confronting relation to the 
cam follower 30 carried by the torque-reacting ring 
gear 18. The cam follower 30 is in engagement with the 
cam surface 22a (as shown in FIG. 1) to cause the wob 
bler 22 to be variably angularly positioned. In this con 
nection, the cam follower 30 causes this to occur be 
cause it moves with the torque-reacting ring gear 18 as 
the load-related torque increases and decreases. 

Referring now to both of FIGS. 1 and 2, the hydrau 
lic motor 10 includes the motor housing 26 schemati 
cally illustrated as previously mentioned hereinabove. 
It will be seen from FIG. 2 that the motor housing 26 
includes a cylinder block 31 which includes a plurality 
of hydraulic cylinders 32 having a plurality of hydraulic 
pistons 34 radially disposed therein about the axis 36 of 
the hydraulic motor 10. As will be appreciated from 
FIGS. 1 and 2, the axis 24 of the output shaft 12 is 
coincident with the axis 36 of the hydraulic motor 10 in 
the embodiment illustrated herein. 

Referring specifically to FIG. 1, the hydraulic motor 
10 includes a servovalve 40 for controlling the rate and 
direction of flow of hydraulic fluid to and from the 
hydraulic cylinders 32. The servovalve 40 is controlled 
by electronic control apparatus, with the hydraulic fluid 
being delivered to and returned from the hydraulic 
cylinders 32 through control lines 42 and 44. Since all of 
such apparatus is conventional, it has not been de 
scribed in detail herein but will readily be understood 
by those skilled in the art of hydraulic motors, 
From the foregoing, the wobbler 22 is seen to be 

operably associated with the hydraulic pistons 34 as by 
means of ball and socket connections, as at 46. These 
ball and socket connections 46 permit the wobbler 22 to 
be variably angularly positionable relative to the com 
mon axes 24 and 36 in the illustrated embodiment, 
whereby the displacement of the hydraulic motor 10 
may be varied. In other words, the displacement of the 
hydraulic motor 10 may be varied by moving the wob 
bler 22 about the pivot point 48. 

Referring to FIG. 1, the wobbler 22 varies displace 
ment of the hydraulic motor 10 by varying the stroke of 
the hydraulic pistons 34 through movement of the wob 
bler 22 about the pivot point 48. Thus, it is possible to 
achieve a high displacement for high load conditions 
and a low displacement for low load conditions auto 
matically and mechanically through the planetary gear 
system 14 and the can means consisting of the can 
surface 22a and the can follower 30. As will be appreci 
ated, this system is self regulating, requires no electronic 
controller or hydraulic valves, and utilizes a simple 
planetary gear system to perform double duty, i.e. 
torque reaction for wobbler control and speed reduc 
tion. 
As shown in FIG. 1, a bearing 50 will be mounted in 

the housing 26 to support the ring gear 18 for limited 
rotational movement relative thereto. Thus, the plane 
tary gear 20 is clearly operatively disposed between the 
sun gear 16 and the ring gear 18, whereby load-related 
torque on the output shaft 12 is transmitted to the ring 
gear 18 (which is a torque-reacting gear) and causes 
movement of the ring gear 18 against the biasing force 
of the torsional spring 28, whereby the cam follower 30 
acts against the cam surface 22a. As a practical matter, 
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there will be a plurality of such planetary gears 20, 
although only one has been shown for purposes of 
avoiding clutter in of the drawings 
With the hydraulic motor 10, the ring gear 18 is used 

as a torque reaction member, i.e., when the ring gear 18 
reacts a higher or lower torque, it moves radially or 
rotationally about the axis 24 of the output shaft 12 
against or with the biasing force of the torsional spring 
28, which is attached to both the housing 26 and the 
ring gear 18. As these movements occur, the cam fol 
lower 30 will travel along the cam surface 22a to force 
the wobbler 22 to pivot about the pivot point 48 clock 
wise or counterclockwise to thereby change the strokes 
of the hydraulic pistons 34. 

Referring to FIG. 2, it will be seen that various addi 
tional components have been illustrated but not dis 
cussed in any significant detail. For instance, there are 
hydraulic fluid ports as at 52, an output shaft bearing as 
at 54, cylinder walls as at 56, etc. However, since these 
components are not essential to the invention, and are 
well-known to those skilled in the art, they need not be 
described herein. 
While in the foregoing there has been set forth a 

preferred embodiment of the invention, it will be appre 
ciated that the details herein given may be varied by 
those skilled in the art without departing from the true 
spirit and scope of the appended claims. 

I claim: 
1. In a hydraulic motor of the variable displacement 

type, said hydraulic motor having an output shaft, the 
improvement comprising: 

mechanical torque-reacting means for varying dis 
placement of said hydraulic motor in a self-regulat 
ing manner, said hydraulic motor being operable 
over a range of different loads and producing a 
load-related torque at said output shaft and said 
mechanical torque-reacting means being directly 
and mechanically operatively associated with said 
output shaft, said mechanical torque-reacting 
means thereby being directly and automatically 
responsive to said load-related torque. 

2. The hydraulic motor of claim 1 including a wob 
bler operably associated with said hydraulic motor 
about an axis of said output shaft, said wobbler being 
variably angularly positionable for varying displace 
ment of said hydraulic motor, said mechanical torque 
reacting means variably angularly positioning said wob 
bler relative to said axis responsive to said load-related 
torque. 

3. In a hydraulic motor of the variable displacement 
type, said hydraulic motor having an output shaft, the 
improvement comprising: 

mechanical torque-reacting means for varying dis 
placement of said hydraulic motor in a self-regulat 
ing manner, said hydraulic motor being operable 
over a range of different loads and producing a 
load-related torque at said output shaft, said me 
chanical torque-reacting means being automati 
cally and directly responsive to said load-related 
torque; and 

said mechanical torque-reacting means including a 
planetary gear system operatively associated with 
said output shaft, said planetary gear system includ 
ing a hydraulic motor-driven sun gear and a torque 
reacting ring gear, said planetary gear system also 
including a planetary gear between said sun gear 
and said torque reacting ring gear. 
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6 
4. The hydraulic motor of claim 3 wherein said out 

put shaft includes a first portion carrying said sun gear 
and a second portion carrying said planetary gear, said 
hydraulic motor being directly operable to drive said 
first portion of said output shaft and said sun gear, said 
second portion of said output shaft being driven 
through said sun gear and said planetary gear. 

5. The hydraulic motor of claim 4 wherein said 
torque reacting ring gear is integrally associated with a 
housing through a torsional spring, said torque reacting 
ring gear causing said torsional spring to wind up as said 
load-related torque increases, said torque reacting ring 
gear allowing said torsional spring to unwind as said 
load-related torque decreases. 

6. The hydraulic motor of claim 5 wherein said wob 
bler includes a cam surface and said torque reacting ring 
gear has a cam follower, said cam follower being in 
engagement with said cam surface to cause said wob 
bler to be variably angularly positioned, said cam foll 
lower moving with said torque reacting ring gear as 
said load-related torque increases and decreases 

7. A hydraulic motor of the variable displacement 
type having an output shaft, comprising: 

a motor housing including a plurality of hydraulic 
cylinders and a plurality of hydraulic pistons radi 
ally disposed about an axis of said hydraulic motor; 

a servovalve for controlling the rate and direction of 
flow of hydraulic fluid to and from said hydraulic 
cylinders of said hydraulic motor; 

a wobbler operably associated with said hydraulic 
pistons in a variably angularly positionable manner 
for varying displacement of said hydraulic motor, 
said wobbler being operably associated with said 
hydraulic pistons about said axis of said hydraulic 
motor, said wobbler varying displacement of said 
hydraulic motor by varying the stroke of said hy 
draulic pistons; and 

mechanical torque-reacting means including can 
means for automatically varying the angular posi 
tioning of said wobbler relative to said axis of said 
hydraulic motor responsive to a load-related 
torque at said output shaft of said hydraulic motor, 
said mechanical torque-reacting means including 
gear means linking said cam means to said output 
shaft of said hydraulic motor. 

8. The hydraulic motor of claim 7 wherein said gear 
means includes a planetary gear system operatively 
associated with said output shaft, said planetary gear 
system including a hydraulic motor-driven sun gear and 
a torque reacting ring gear, said planetary gear system 
also including a planetary gear between said sun gear 
and said torque reacting ring gear. 

9. The hydraulic motor of claim 8 wherein said out 
put shaft includes a first portion carrying said sun gear 
and a second portion carrying said planetary gear, said 
hydraulic motor being directly operable to drive said 
first portion of said output shaft and said sun gear, said 
second portion of said output shaft being driven 
through said sun gear and said planetary gear. 

10. The hydraulic motor of claim 9 wherein said 
torque reacting ring gear is integrally associated with 
said housing through a torsional spring, said torque 
reacting ring gear causing said torsional spring to wind 
up as said load-related torque increases, said torque 
reacting ring gear allowing said torsional spring to un 
wind as said load-related torque decreases. 

11. The hydraulic motor of claim 10 wherein said 
cam means includes a can surface on said wobbler and 



7 
a cam follower on said torque reacting ring gear, said 
can follower being in engagement with said cam sur 
face to cause said wobbler to be variably angularly 
positioned, said cam follower moving with said torque 
reacting ring gear as said load-related torque increases 
and decreases. 

12. In a hydraulic motor of the variable displacement 
type having an output shaft, a motor housing including 
a plurality of hydraulic cylinders and a plurality of 
hydraulic pistons radially disposed about an axis of said 
hydraulic motor; and a servovalve for controlling the 
rate and direction of flow of hydraulic fluid to and from 
said hydraulic cylinders of said hydraulic motor, the 
improvement comprising: 

a wobbler operably associated with said hydraulic 
pistons in an automatic mechanically variable and 
angularly positionable manner for varying dis 
placement of said hydraulic motor; and 

can means operably associated with said wobbler 
and said output shaft of said hydraulic motor, said 
can means automatically varying the angular posi 
tioning of said wobbler relative to said axis of said 
hydraulic motor, said cam means being responsive 
to a load-related torque at said output shaft of said 
hydraulic motor; 

said cam means including a cam surface and a cam 
follower, said cam means being responsive to said 
load-related torque at said output shaft through 
gear means, said gear means including a torque 
reacting gear operably associated with one of said 
can surface and said cam follower. 

13. The hydraulic motor of claim 12 wherein said 
torque reacting gear includes a ring gear integrally 
associated with said housing through a torsional spring, 
said torque reacting ring gear causing said torsional 
spring to wind up as said load-related torque increases, 
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8 
said torque reacting ring gear allowing said torsional 
spring to unwind as said load-related torque decreases. 

14. The hydraulic motor of claim 12 wherein said 
wobbler is operably associated with said hydraulic pis 
tons about said axis of said hydraulic motor, said wob 
bler varying displacement of said hydraulic motor by 
varying the stroke of said hydraulic pistons, said gear 
means linking said can means to said output shaft of 
said hydraulic notor. 

15. The hydraulic motor of claim 14 wherein said 
gear means includes a planetary gear system operatively 
associated with said output shaft, said planetary gear 
system including a hydraulic motor-driven sun gear and 
a torque reacting ring gear, said planetary gear system 
also including a planetary gear between said sun gear 
and said torque reacting ring gear. 

16. The hydraulic motor of claim 15 wherein said 
output shaft includes a first portion carrying said sun 
gear and a second portion carrying said planetary gear, 
said hydraulic motor being directly operable to drive 
said first portion of said output shaft and said sun gear, 
said second portion of said output shaft being driven 
through said sun gear and said planetary gear. 

17. The hydraulic motor of claim 16 wherein said 
torque reacting ring gear is integrally associated with a 
housing through a torsional spring, said torque reacting 
ring gear causing said torsional spring to wind up as said 
load-related torque increases, said torque reacting ring 
gear allowing said torsional spring to unwind as said 
load-related torque decreases. 

18. The hydraulic motor of claim 17 wherein said 
can surface is on said wobbler and said can follower is 
on said torque reacting ring gear, said cam follower 
being in engagement with said can surface to cause said 
wobbler to be variably angularly positioned, said can 
follower moving with said torque reacting ring gear as 
said load-related torque increases and decreases. 

k 


